The management of split-thickness skin graft donor sites is targeted towards promoting the healing process, while minimizing adverse effects and complications. The aim of this study was to compare donor site treatment outcome between Aquacel, a carboxymethylcellulose-based hydrofiber dressing, and the standard mesh paraffin gauze dressing. The study included 23 adult patients. Half of the skin graft donor site in the proximal thigh was dressed with paraffin gauze and the rest with Aquacel. The results indicated that patients treated with Aquacel experienced significantly less pain and a more rapid rate of epithelialization compared with patients treated with mesh paraffin gauze dressing. Final scarring (ie, after the 1-year follow-up) was significantly better with the Aquacel dressing. We conclude that Aquacel dressing is superior to the standard mesh paraffin gauze dressing for split-thickness donor site area in pain relief, ease of treatment, promotion of epithelialization, and the quality of scarring. (Ann Plast Surg 2004;53: 132-136) I t is well recognized that split-thickness skin graft donor site is a source of pain and discomfort for the patients and may cause significant morbidity and result in hypertrophic or even keloid scarring. The challenge in managing such a wound is to promote healing as quickly as possible while minimizing adverse effects and complications, such as bleeding, pain, infection, and hypertrophic scar formation. [1] [2] [3] Different types of dressings have been reported for split-thickness skin donor sites, all claiming to provide a protective barrier while epithelialization of the donor site takes place underneath.
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t is well recognized that split-thickness skin graft donor site is a source of pain and discomfort for the patients and may cause significant morbidity and result in hypertrophic or even keloid scarring. The challenge in managing such a wound is to promote healing as quickly as possible while minimizing adverse effects and complications, such as bleeding, pain, infection, and hypertrophic scar formation. [1] [2] [3] Different types of dressings have been reported for split-thickness skin donor sites, all claiming to provide a protective barrier while epithelialization of the donor site takes place underneath. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] However, all dressings should be valued regarding their adsorbent capability without promoting potential bacterial infection, wound environment moisture allowing efficient reepithelialization, nonadherence, pain and discomfort levels, ease of wound care, and minimal overall cost. 2, 5, 6 The standard meshed paraffin gauze dressing for splitthickness skin graft donor sites is considered nonadherent; nevertheless, it usually sticks to the wound surface and absorbs no exudate. When early removal of the dressing is needed, as in cases of skin maceration or wound infection, wound epithelialization may slough, accompanied by local pain aggravation and wound deepening. 1 Aquacel (ConvaTec, London, UK) is a new sodium carboxy-methylcellulose hydrocolloid polymer that is claimed to have a high fluid-absorptive capacity. 12 Such high fluid absorption helps in managing the wound exudate while providing moist healing environment, a clearly beneficial feature to wound healing process. [1] [2] [3] [5] [6] [7] [8] [9] 13, 14 The Aquacel dressing forms a highly absorbent gel that facilitates its removal, thereby reducing trauma during dressing changes. Excellent results were reported by Vloemans et al 12 after the use of Aquacel dressing in burn wound treatment.
The aim of the current study was to determine the efficacy of Aquacel dressing in the management of splitthickness skin donor site compared with the standard meshed paraffin gauze dressing.
PATIENTS AND METHODS
A prospective comparative clinical study was conducted throughout a 1-year period. This randomized controlled study was designed to be open-labeled and observerblinded. The study was approved by the institutional review board in full accordance with the Helsinki declaration, and an informed consent was obtained from each patient who enrolled in the study.
The study included 23 adult patients; all were Fitzpatrick skin type II and III. 15 Split-thickness skin grafting procedures were carried out on these patients for the management of traumatic injuries, oncologic surgery operations, postoperative wound complications, and chronic ulcers. Comorbidities in this series included hypertension (n ϭ 5), peripheral vascular disease (n ϭ 3), and diabetes (n ϭ 2). Twelve patients (52%) were active smokers during the study period. Data on the healing process, ease of treatment, local pain, scarring, and postoperative complications were prospectively collected and assessed.
Suitable study enrollees were compliant adult patients requiring split-thickness skin grafting. The donor site (a minimum of 20 ϫ 8-cm total area) was placed at the proximal thigh area. Patients were excluded if the donor site was anywhere else than the thigh area, if the total area was less than 20 ϫ 8 cm, if they did not comply with the study protocol, or if a skin graft had been previously harvested from the same donor site area. Of 40 patients who underwent split-thickness skin grafting during the study period, 23 patients complied with the entry criteria and composed the study group.
All skin grafts (0.3-mm thickness) were taken from the anterolateral thigh area using a battery-powered Aesculap dermatome. All donor sites had not previously been harvested for skin grafts. Immediately after harvest, the donor site was covered with saline-soaked gauze for hemostasis until surgery was completed. The donor area was then divided into 2 equal parts, with the proximal half marked area A and the distal half marked area B. Each area spanned at least 8 ϫ 10 cm. Randomly, one area was dressed with 2 layers of Aquacel and the second area with meshed paraffin gauze and vice versa. Both areas were covered with roller gauze on top of the primary dressing.
All study patients were hospitalized in our department, with bed rest restriction after the skin grafting. The dressing of the donor site remained intact for 3 days postoperatively. At that time, the outer roller gauze was changed and the donor site was examined for the amount of secretion and signs of infection. If large amounts of secretions were observed, all nonadherent dressings were changed and a swab culture was taken for microbiologic analysis. From postoperative day 3, the roller gauze dressing was changed daily. The Aquacel and paraffin gauze dressings were changed only in cases of large amounts of secretion or signs of infection.
The majority of the patients (61%) were discharged in the period of up to 10 days after surgery. Discharge criteria included resolution of the acute illness, take of skin grafts, and availability of adequate home care. The patients were discharged with the dressing in place on the donor site and were requested to wash the area daily without pulling the adherent dressing. They were instructed to return to our outpatient clinic for examination when the dressing fell off. All patients were followed up in our outpatient clinic once monthly for the first 3 postoperative months and then at 1 year after surgery.
A donor site follow-up chart was used for conducting the clinical follow-up of the healing process. The information gathered in the chart included the percentage of epithelialization of each donor site area, the state of healthy skin on the periphery of each donor site, bleeding rate, and local signs of infection (ie, erythema, induration, purulent discharge, or malodor). In addition, the nursing staff assessed the convenience of treatment and each type of dressing was given a score between 1 (convenient) and 5 (cumbersome) points. The chart was filled in by a single treatment-blinded observer on postoperative days 3, 7, and 10 to 14 and when the dressing fell off. Wounds were considered to have been completely reepithelialized when there was no residual exudate and with no pain when the site was exposed to air. 3 Local pain was followed up using a visual analog pain scale from 0 (no pain) to 10 (maximal severe pain) points and was recorded on postoperative days 3, 7, and 10 to 14 and when the dressing fell off. The patients were requested to grade the pain at each of the 2 areas of the donor site, and their scores were recorded, calculated, and compared. The patients and the observer were blinded to the type of dressing in each region (see below). Analgesics were administered intramuscularly or enterally to all patients at the discretion of the attending physician.
Scarring of the donor sites was assessed by 10 observers (plastic surgeons and nurses) using a modified Vancouver scar scale 16 at postoperative days 30, 60, and 90 and at 1 year after surgery. Care was taken so that the observers who assessed each of the 2 divisions of the donor site were blinded to the type of dressing that had been used for them. Each area was separately evaluated on a scale of 1 to 5 for redness (vascularity), hyper-or hypo-pigmentation, pain, itching, raised scar, and pliability of the scar, and a general impression score was given. All donor sites were digitally photographed at regular intervals.
Statistics
Comparison between the 2 dressings along time of treatment was performed using analysis of variance with repeated measures for each one of the outcome parameters. The 2 within-subject factors were dressing type and time. Analysis was performed using the SAS system for windows, version 8.02 (SAS Institute, Cary, NC). Significance was accepted at P Յ 0.05.
RESULTS
The study cohort consisted of 16 men and 7 women whose mean age was 51 years (age range, 19 -86 years). Twenty-three paired side-by-side sites in 23 patients were studied. Aquacel was randomized to area A (proximal) in 13 wounds (57%), and mesh paraffin gauze was randomized to site A in the other 10 wounds (43%), and vice versa for area B.
The etiology for the required skin graft included traumatic injuries in 13 patients (57%), oncologic surgery in 5 (22%), postoperative wound complications in 3 (13%), and chronic ulcers in 2 (8%).
Aquacel-treated areas were reepithelialized completely within a mean time of 7 to 10 days, whereas the conventionally treated area required a mean time of 10 to 14 days for complete reepithelialization (P ϭ 0.0156), as seen in Figure  1 . Only in 1 case the paraffin gauze-treated area healed sooner than the Aquacel-treated areas. Wound follow-up revealed significantly higher epithelialization percentage with Aquacel on day 15 and day 30 compared with paraffin gauze (P ϭ 0.006 and P ϭ 0.014, respectively). No significant difference was found by days 60 and 90 following surgery (Fig. 1) .
The mean values for the pain scores at days 1, 3, 7, 10, and 15 are shown in Figure 2 . Aquacel-treated sites were significantly less painful than those treated by paraffin gauze (P Ͻ 0.0001). Comparison of pain level in different time points revealed P value Ͻ 0.0001 on days 1 and 3, P value ϭ 0.003 on day 7, P value ϭ 0.004 on day 10, and P value ϭ 0.03 on day 15.
There was no clinical evidence of donor site infection, as judged by surrounding erythema or purulent exudate. Positive cultures taken from the donor site area were similar in both groups, with no significant difference in the number of patients or the type of bacteria cultured. No difference was found between Aquacel and paraffin gauze dressing in terms of exudate secretion, skin maceration, or hemorrhage from the donor site. Changes of Aquacel dressings were judged by the nursing staff to be significantly more convenient in terms of ease of treatment than those for paraffin gauze dressing (P ϭ 0.0027).
Scarring of the donor site area was significantly better with the Aquacel dressing compared with the paraffin gauze (P ϭ 0.003), as seen in Figure 3 . Early scarring assessed on days 30, 60, and 90 was better with the Aquacel dressing (P ϭ 0.021, P ϭ 0.012, and P ϭ 0.09, respectively), as was late scarring assessed at 1 year postoperatively (P ϭ 0.0091), as seen in Figures 4 to 6 .
DISCUSSION
After harvesting a split-thickness skin graft, the donor site loses its epidermis and a variable thickness of the dermis. The challenge in managing these kinds of wounds is to promote healing as quickly as possible while minimizing adverse effects and complications. If complicated by infection, split-thickness defect may convert to a full-thickness loss, analogous to a third-degree burn. Of the various methods used to manage split-thickness skin graft donor sites, [1] [2] [3] [4] [5] 8 none is considered as being the optimal choice of dressing. The mesh paraffin gauze dressing has for years been the primary choice of surgeons for the coverage of split-skin donor sites, given its ease of application, conformability, low risk of infection, and minimal cost. 1, 5 It has, however, been found inferior in many other important aspects: it is a painful, adherent dressing under which donor sites do not appear to heal rapidly.
In this study, we have compared donor site treatment with the standard mesh paraffin gauze dressing and the Aquacel dressing, a new carboxymethylcellulose hydrocolloid. The parameters we looked at were wound healing, local pain, ease of treatment, scarring, and complications.
Measuring donor site healing is very difficult. There are many decisive factors at work, such as graft depth, anatomic location, patient age, and skin quality. The use of contiguous sites in the same patient serves to control and even helps to eliminate some of them. Our current study involved a direct side-by-side comparison of 2 treatment modalities to ensure identical anatomic location, depth, and size. Both sites were assessed and graded using identical methods and criteria.
Another problem inherent to investigating donor site healing sequence involves the inability to continually monitor it. Frequent inspections of the wound to assess epithelialization may damage the regenerating tissue. For this reason, we had avoided early removal of the adherent paraffin gauze and followed our usual practice of its removal only when it spontaneously fell off, usually at postoperative days 7 to 15.
Overall wound healing, as measured by percentage of epithelialized dermis, was faster with Aquacel than with paraffin gauze dressing. The faster reepithelialization rate that had been seen with the Aquacel dressing can partially be explained by its physical properties. Aquacel was found to form a fibrin layer between the dressing and the wound, creating a physical barrier that retains cytokines, particularly intrinsic growth factors. 11, 14 Furthermore, epithelial cell proliferation and migration are believed to be optimal in a moist environment. 2 This concept seems to be supported by evidence from many skin-graft donor site studies which have shown faster reepithelialization rates when moist-environment dressings are compared with the traditional dry dressing. 2, 8, 11, 13 An Aquacel dressing helps in keeping the wound moist, inducing a favorable environment that facilitates re- 
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Aquacel Treatment for Split-Skin Donor Site cruitment of vital host defenses and necessary cell population for better wound healing. 11, 13 Although Aquacel absorbs wound fluid and keeps a moist environment, we found no difference in the extent of skin maceration on the periphery of the donor site compared with paraffin gauze. There was also no difference in wound secretion, bleeding, or wound infection between the 2 dressings.
Pain is a common complaint after this kind of surgery and is often more severe at the donor site than at the grafted site. The statistically significant benefits of Aquacel over paraffin gauze for pain relief are demonstrated in Figure 2 . Dressing sites with Aquacel were less painful than paraffin gauze, especially during the first postoperative week. As mentioned earlier, Aquacel forms a highly absorbent gel which facilitates dressing removal, reducing trauma during dressing changes. The moist dressing/wound interface protects nerve endings from drying and exposure and limits damage to the wound surface during dressing changes. 13 Ease of treatment was significantly better with Aquacel compared with paraffin gauze.
Scarring of the donor sites was assessed by independent observers who were blinded to the type of dressing used. Early (up to 90 days) and late (1 year) scarring were found to be significantly better with Aquacel dressing than with paraffin gauze. This difference in scarring was unexpected, and we consider the etiology to be multifactorial. Aquacel dressing promoted rapid epithelialization of the wound and maintained a moist environment, features that are known to improve scarring, similar to silicone sheath bandaging proposed mechanism of action.
The true cost-effectiveness of Aquacel treatment compared with paraffin gauze treatment is difficult to assess. A 10 ϫ 10-cm Aquacel dressing sheath costs $5.00, while a 10 ϫ 10-cm paraffin gauze sheath (Teva-medical, Natania, Israel) costs $0.25. Nonetheless, the more rapid healing, less pain, and less scarring found with Aquacel treatment reduces postoperative morbidity, which in turn affects the global cost-effectiveness.
Based on the findings of the current study, we conclude that the Aquacel dressing is a preferred dressing for splitthickness donor site areas.
